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Problem 

A system according to the IEEE 802.11a org Wireless LAN standards [1][2) uses OFDM as one of the 
modulation schemes. The system consists of a transmitter (TX), generating the source baseband signal that 
is modulated in the digital domain and after digital-to-analog conversion, is upconverted to RF frequencies 
in the analog domain. After passing a channel, that signal is input to a receiver (RX), starting with an 
analog RF section, which filters out the wanted frequency band and downconverts the signal to a baseband 
signal. The baseband signal is demodulated in the digital domain to data bitstream again. Part of the OFDM 
demodulation is the estimation of the channel transfer function and synchronization by means of the training 
symbols available in the preamble of IEEE 802.11a and g frames. 

A future development within the IEEE TGn workgroup is a MIMO (multiple-input, multiple-output) system, 
based on the OFDM modulation as described above, but with two or more TX sources and two or more RX, 
communicating in the same frequency band. Taking adavantage of the progation channel properties, the 
datastreams can be seperated. Not certain, but likely wanted is backwards compatibility with the OFDM 
modes of IEEE 802.1 1a and g. The current OFDM preamble and SIGNAL field is shown in Figure 1 The 
SIGNAL field and SERVICE field - the first 16 bits of the DATA - makes the PLCP header. For backwards 
compatibility, it is sufficient that legacy devices recognize the preamble and SIGNAL field of the new TGn 
devices, so they can defer for the duration of the packet. 



802.11a Preamble 




ST = 


Short training (lOx) 




160 samples 


LT = 


long training (2.5m) 




160 samples 


SIG 


s Signal field 




80 samples 



Figure 1 - IEEE 802.11a and g OFDM Preamble. 

The legacy preamble of Figure 1 contains two long training (LT) symbols plus guard interval (Gl) currently 
coming from a single antenna (or an entity that behaves like a single antenna). For future TGn or MIMO 
devices it is necessary to have a certain LT symbol available for each TX antenna. Hence, the problem is to 
construct a MIMO preamble and SIGNAL field that is backwards compatible with 11a and g and in the mean 
time provide channel information, i.e. training symbols, of each of the TX antenna that is orthogonal to the 
other TX antennas. 



New solution 

This part considers the 2xM MIMO case only, with two TX antennas and M RX antennas (irrelevant to the 
new solution). The description of the invention provides expansion to more TX antennas. The new solution 
keeps the legacy preamble and SIGNAL field intact by transmitting this part at both TX antennas 
simultaneously. After this preamble and SIGNAL field the new training symbols are transmitted 
see Figure 2. 



802.11a Preamble 




Figure 2 - MIMO preamble with ttme-orthogonal LT symbols, compatibe with legacy devices. 

The new training symbols are identical to the IEEE 802.11a LT symbols - i.e. 1.6 jxs guard space and two 
times 3.2 us IEEE long training data - except for the polarity of one TX antenna. TX2 transmits these LT 
symbols the second time with reversed polarity, i.e. multiplied by -1. With simple digital processing the 
channel transfer function for each TX antenna can be obtained at each of the M receivers Furthermore 
tasks like frequency synchronization and symbol timing are enabled by this design 
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A straightforward method to get separated LT symbols for each TX antenna, is to transmit them separately, 
similar to Figure 3 [3]. The advantage is that the LT information per antenna is available without further 
processing, with similar performance compared to the legacy devices. To compensate power, the LT and 
SIG fields may be transmitted 3 dB higher compared to the ST. The disadvantage is the variation in power, 
even without the temporary increase of 3 dB. Where the receiver will likely be able to handle this sufficiently 
to just receive the SIG field (enough for compatibility), the transmitter will have a hard time to keep the 
power constant, being an issue for MIMO. The most dominant effect is called power-droop, an effect that 
relates to turning on and off the power amplifier stage (PA) of the transmitter and shows as a decay of the 
output power over time. Another effect is VCO kick. An on-chip oscillator (VCO) will get distorted by turning 
on and off the PA. It will slowly return to its stable oscillator frequency. If these effects appear in the ST 
fields, the effect may have died out sufficiently to get good performance. If these effects will appear in the 
middle frame, at the start of the LT or DATA field, the whole frame will be corrupted without additional 
measures in the RX. This will be very hard to put in standardization. An additional drawback of the time 
separated LT symbols is the less energy available for the training and synchronization process. If this is 
compensated by 3 dB higher transmit power (inherently resulting in less efficient PAs: disadvantage), the 
AGC may not correctly set. Since the AGC sets to the combined power of the STs, it might (soft) clip when 
there is targe difference in received power of each TX antenna. This results in performance loss in MIMO 
mode. Likely the legacy devices are robust enough to deal with this slight increase, since the SIG field is 
sent at the most robust rate (BPSK modulation, coding rate VS). 

1X2 ( m ) (£j£3E&G. I .^CJr 

Figure 3 - MIMO preamble with repetitive LT symbols, compatibe with legacy devices. 

Other solutions try to combine LT symbols within the normal LT field. Each TX antenna transmits part of the 
total LT signal and that part is orthogonal to the part(s) of the other TX antenna(s). The combined parts 
resemble a normal LT symbol and could be detected by legacy devices as normal training symbols. At the 
MIMO receiver side, the received LT symbol is separated in the orthogonal parts again and used to 
estimate the channel over the whole band (e.g. by interpolation). An example of such a solution is called 
diagonally loaded training symbols and is described in an IDR before [4] as well as in literature [5, IV-C]. 
The channel per TX antenna is estimated in the frequency domain by interpolating the values between 
every other subcarrier. A possible issue is the backwards compatibility if the channel estimation is done in 
the time-domain, instead of the regular frequency domain. Besides that, it results in irregular distributed 
estimation errors and therefore in less performance. 

Also the basic orthogonal structure for the new solution is already known. In [5] is described how a MIMO 
training sequence is constructed with a basic training symbol and an orthogonal space-time matrix The 
family of "pilots", as they call it, is the set of Orthogonal Space-Time Pilots Matrices (OSTPM). The new 
solution specifically adds the backwards compatibility to that. I.e. it uses the ordinary IEEE 802.11a 
preamble with the 2V& LT symbols construction over 8 \xs as first "pilot" symbol, followed by a compatible 
SIGNAL field, followed by the rest of the orthogonal training symbols. 



Two transmit antennas 

Figure 2 shows the new solution graphically. The fields shown are according to the IEEE standards, where 
ST and LT forms the short and long OFDM training sequences, described in Section 17.3.3 in [1], 
transmitted at both antennas. The next symbol is the SIGNAL field and is described in Section 17 3 4 in [11 
also transmitted simultaneously at both TX antennas. This is followed by the new construction of long 
OFDM training sequences, with the anti-podal, simultaneous transmission of the LT field at TX1 and TX2. 

The training sequence sent out denoted as LT^where TXn indicates the TX antenna and where / is the 
discrete time indicator (< Wfc LT symbol transmitted). Lets assume here that LT is identical to the long training 
sequence as described in 17.3.3 of [1]. Then the training sequences transmitted at each antenna are: 

LT™ = LT; LT™= LT 
LT™ =LT; LT a TO = -LT 
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Let the j 1 * set of received LT symbols for a receiver m be called LT,"*" . The LT related to TX antenna TXn 
and RX antenna RX/n, called LT", is obtained by adding up and by subtracting respectively for n is 1 and 2: 

lt; = (lt 1 rxw + LTfyi 

LT 2 m = (LT 1 RXff, -LT 2 RXm )/2 

From the symbol LT m , the channel coefficients can be estimated in a similar way as done in an 802.1 1a/g 
system. 

Extension to AT TX antennas 

This approach can be made more general for a system with N TX antennas and M RX antennas. Figure 4 
shows a schemetical representation of this preamble. Using the same notation as for the 2xM system the 
transmitted preamble is given by: 



LT,™ = LT; LT a ™= LT; 

LT, TX2 = LT; LT~= exp(n2Tr/N)*2*1)*LT; 



.; LT™= LT, 



; LT^=exp(n2n/Nr2*(N-1)rLT 



LT,™ = LT; LT™ = exp(n2TT/NrN'1)*LT; ...; LT„™ = exp(jWN)*N*(N-1))*LT 

Let the f h set of received LT symbols for a receiver m be called LT,"*'. The LT related to TX antenna TX/i 
and RX antenna RXm, called LT\ is obtained by: 

L^ = (LT^* 



LT R** 



LT" = ( LT,"*" +exp(j*(2TT/N)*2*1 )* LT,"" 



+...+ LT^)/A/ 



exp(j*(2TT/N)*2*(N-1 J^LT^ )/N 



LT W W = (LT 1 RXm + exp(j°(2TT/NrN*1) ft LT J RXw 



+ ...+ 



►..,+ exp(n2n/N)*N*(N-1))*LO//V 



Note that the earlier described 2x/W case is a special case of preamble and that, again, the channel 
coefficients can be estimated, in a similar way as in an 802.11a/g system, using LT*. 




TXW 



c 



> 



Figure 4 - MIMO preamble for N TX branches with time-orthogonal LT symbols, compatibe with 
legacy devices. 



Further enhancements 

For TGn MIMO devices it would be helpful to get an early indication of a MIMO transmission. The reserved 
bit (bit 4) in the SIGNAL field can be used for this purpose. Legacy devices should ignore this bit TGn 
devices can set this bit when MIMO is transmitted and reset this bit in legacy modes. Notice that IEEE 
802.11a [1] does not specify its value, so legacy devices may set this bit. The MIMO receiver should be 
aware of that and should be able to return to legacy mode. IEEE 802.1 1g [2] requires for transmitters to 
reset this bit to the value "0°, but also requires receivers to ignore this bit, so no issue here. 

If the number of TX antennas in MIMO mode can dynamically vary within a service area (BSS or IBSS) and 
it is not determined by the AP to 1 or N (per Beacon), it would be vary helpful for the PHY to have an early 
indication of the number of antennas. A solution to this would be a field after the SIGNAL field that indicates 
the number of TX antennas and the number of LT fields that follow. This could possibly be transmitted in 
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legacy 6 Mbps mode. Further it could contain information like various coding schemes, channel bonding 
options and LT format 

Figure 5 shows the MIMO preamble with this construction for 2 TX antennas, where NTX is field for Number 
of TX antennas. This idea is also presented in [3]. 



802.11a Preamble 




Figure 5 - MIMO preamble with additional NTX field, compatibe with legacy devices. 

A drawback of the proposed scheme is the large overhead, i.e. the relatively long training compared to the 
payload. Notice that for a fixed maximum packet size, the DATA part becomes shorter with MIMO while the 
training gets proportionally longer. Hence the ratio gets worse quadratically. A solution to prevent this is 
using shorter LT fields. Normal LT fields have a Gl and two LT symbols, a total of 8 u.s. Although 
performance will be better with the same double LT symbols for MIMO training, it would be sufficient to 
have a single LT symbol. Furthermore and optionally a smaller Gl can be applied, e.g. the Gl for normal 
OFDM symbols being 0.8 u.s instead of 1.6 *is. Both features may be optional and be indicated in the NTX 
as described above. 
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